v-The indications for surgical fusion, as opposed to halo fixation, in the management of cervical spine injury are still unclear. At St. Louis University Medical Center a conservative protocol has been adopted to treat almost all cervical spine fractures with halo fixation. To determine what factors have contributed to failure of halo fixation, the records and radiographs of all patients with cervical spine injuries who were treated at that institution between 1984 and 1986 were reviewed. During this interval, 124 patients were treated, consisting of 93 men and 31 women between 6 and 94 years old. Of these, 15 (12%) had cervical fusion without preoperative halo device application. This group included eight patients with old injuries and delayed diagnosis, three with nonreducible locked facets, and four with miscellaneous indications. The remaining 109 patients were treated with halo vests. Four died before completing the 3-month standard treatment. Of those completing the treatment, 48 had C 1-2 level injuries and 57 had C3-T 1 level injuries. Sixteen patients (15 %) failed their halo treatments and required surgical fusion: eight while still in halo fixation and eight after they had completed treatment with a halo device. Failure of halo treatment was indicated by recurrent dislocation in 13 patients and increased neurological deficit in three. Thirteen of the patients who failed treatment had C3-T1 injuries and three had C1-2 injuries. Of 27 patients with odontoid fractures, only two (7.4%) failed halo fixation. There were no failures in 11 patients with hangman's fractures. Of the 57 patients with C3-T1 injuries, 13 (23%) failed treatment, nine of whom had locked or "perched" facets. The factors causing failure of halo fixation were analyzed. The overall success rate was 85%, suggesting that the halo vest can be used to treat most patients with cervical spine injuries. Under certain circumstances (in the presence of old injuries, difficult reduction, or locked or "perched" facets), surgery may be indicated to avoid unnecessary delay in definitive management.
T HE introduction of the halo external fixation
device by Perry and Nickel 22,24 represented a major advance in the management of unstable cervical spine injuries. The greater degree of immobilization offered by the halo compared to other cervical orthotic devices ~5,j6,~8 allows early mobilization of patients who otherwise would be confined to prolonged traction and strict bed rest. 3'9'15 '32 Recently, reports of complications associated with halo fixation ~2 and high failure rates, especially in patients with odontoid fractures, 2~ have stirred controversy over which patients are suitable candidates for spinal fusion. 2'19'2~ The effects of age of the patient, type of injury, area of trauma, presence of neurological deficits, and presence of facet injury on the success of halo treatment have not been examined systematically.
To examine this issue, all records of patients treated for cervical spine injuries at St. Louis University Medical Center were analyzed. In 1984, a protocol was established for use of a halo device in almost all patients with unstable acute cervical spine injuries. Surgery without preoperative fixation was reserved for patients with old or pathological fractures and for those whose diagnosis was delayed. The complete clinical experience was analyzed irrespective of delay in transfer to this facility. Factors leading to failure of halo immobilization were analyzed, with suggestions for management. As the halo device was employed in almost every case of cervical injury, the experience can be considered a test of the utility of this technique.
Clinical Material and Methods

Patient Population
The records of all patients with cervical spine injuries treated with either a halo device or fusion between August, 1984, and June, 1986, were retrieved by search of the divisional computerized database. In total, 124 patients were identified. This patient group consisted of 93 men and 31 women ranging in age from 6 to 94 years; the majority of the patients were between 11 and 40 years of age (Fig. 1) . The radiographs, inpatient records, and outpatient charts of these patients were examined. Two patients had pathological fractures (from tuberculosis and multiple myeloma), while the remaining 122 had incurred direct trauma to the cervical spine. Most patients were examined immediately following injury, but a few experienced a substantial delay before treatment. The maximum time between injury and evaluation was 3.5 years.
Treatment
All patients were evaluated by the neurosurgical staff upon admission to the hospital and treated in accordance with the previously described protocol. The patient's neurological status was graded according to the scale given in Table 1 .
Routine radiographs consisting of lateral, anteroposterior, and open-mouth views of the cervical spine, occasionally supplemented with swimmer's views and limited flexion/extension views, were obtained. If these views did not adequately visualize the lesion, computerized tomography (CT) and/or polytomography were performed. Once a patient was found to have a fracture or dislocation, Gardner-Wells tongs or a halo ring were used exclusively for initial immobilization, with a starting traction of 5 to 15 lb depending upon the age of the patient and degree of instability of the injury. When reduction of a dislocation was necessary, increments of 5 lb were made, each followed by a lateral radiograph of the cervical spine until reduction was accomplished.
The maximum traction used was 60 lb, which was combined in some patients with administration of sedatives and muscle relaxants. Two patients underwent closed manipulations with fluoroscopic control.
Patients whose dislocation could not be reduced by conservative means underwent surgical reduction and spinal fusion. Surgical fusion was also performed without preoperative fixation in patients with injuries older than 1 month, pathological fractures, partial spinal cord injuries with continuing spinal compression (as documented by myelography), or thoracic injuries that precluded placement of the halo vest.
If satisfactory alignment was obtained with closed reduction, a halo vest and ring were applied,* usually within 2 to 3 days following admission. Anterior pins were placed in the forehead for maximum leverage and minimum pain. The device was adjusted with multiple lateral radiographs until satisfactory alignment was obtained. All patients received physical therapy for progressive mobilization prior to discharge. Alignment was checked in all patients prior to discharge. Lateral radiographs were obtained at 4-week intervals after discharge to check alignment. All patients in whom alignment was maintained were immobilized for a minimum of 3 months. At the end of the treatment period, the halo ring was disconnected from the vest and flexion/ extension lateral radiography was performed. If there was no movement or subluxation at the fracture site, the patient was placed in a Philadelphia collar for an additional 4 weeks. Lateral radiographs were obtained every 3 to 6 months for 1 to 2 years. Patients who experienced subluxation while in the halo device or after removal of the fixation device, or those who developed a progressive neurological deficit while in the fixation device, were considered treatment failures and underwent surgical fusion.
* Halo vest and ring manufactured by Ace Medical Co., Los Angeles, California. 
Statistical Analysis
For multivariable statistical analysis, variables were defined as follows. The vertebral level involved was treated as an ordered-interval variable, ranging from C-1 which was coded "1," to T-l, coded "8." Fractures involving two vertebral bodies were coded with the * MVA = motor-vehicle accident; TB = tuberculosis: Pott's disease of the spine; diving = diving into shallow water; fall = fall from height.
$ Reason for fusion: pulmonary = trauma to chest precluding halo placement; nonreducible = unable to reduce with skeletal traction; pathology = fracture of spine caused by tumor or infection; compression = compression of spinal cord requiring surgery; delayed = delayed diagnosis of injury.
z~ For neurological grading scale see Table 1 .
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number of the lower vertebra involved (for example, a C4-5 subluxation was coded as "5"). Subluxation on initial lateral cervical spine radiographs was coded as a dichotomy, with "1" indicative of subluxation and "0" indicating preserved alignment. The degree of facet injury was graded as "0" if there was no fracture or joint dislocation, "1" if there was a fracture of or a dislocation in the facet ("perched" facet), and "2" if the facet joint was jumped ("locked" facet). The dependent variable (failure of therapy) was coded "0" if halo immobilization was successful and "1" if it failed and subsequent surgical fusion was necessary.
The correlations of these variables with the dependent variable were assessed using Statistical Analysis System, version 5. 25 A multivariable procedure, logistic regression, was used to determine which variables predicted the probability of failure in these patients. Logistic regression is the preferred form of analysis when the dependent variable is dichotomous. 11
Results
A total of 124 patients were involved in the study. Their treatment is summarized in Table 2 .
Patients With Surgical Fusion
The clinical details of the group of patients undergoing surgical fusion are given in Table 3 . The most common reason for fusion without preoperative fixation was the time interval between injury and definitive management. Eight patients received fusion as their initial treatment for injuries incurred 1 month to 3 years prior to hospitalization. These patients had not been previously evaluated, or had a delayed diagnosis (including two with odontoid fractures and one with os odontoideum which had been previously treated elsewhere with immobilization). Three patients underwent surgery for locked facets which could not be reduced and required open reduction with subsequent fusion. * These patients had subluxation of C-1 on C-2 either on neutral or on flexion/extension radiographs and exhibited no detectable fractures.
Of the remaining four patients treated initially with fusion, one had Port's disease (spinal tuberculosis) from atypical acid-fast bacillus; another two required decompression (one for an unstable, extensively comminuted, displaced fracture with partial spinal cord injury and the other because of a herniated disc detected at myelography); and in the last patient extensive thoracic injuries precluded the placement of a halo vest.
Fusion was performed posteriorly in 12 patients and anteriorly with a vertebrectomy in three. There were two surgical failures (13%) and no deaths. The treatment failures were successfully managed at subsequent surgery. Although the protocol called for all patients with pathological fractures to undergo spinal fusion, one patient with multiple myeloma received halo fixation without fusion because the extensiveness of her metastatic disease rendered her an unsuitable candidate for surgery.
Halo Treatment Group
In total, 109 patients underwent 3 months of halo fixation ( Table 2 ). There were four deaths during treatment: of these patients, two had a type II odontoid fracture, one a type III fracture, and one a C-4 compression fracture. The causes of death were (one each): pneumonia; aspiration and subsequent cardiopulmonary arrest; myocardial infarction; and unknown. Of the surviving 105 patients who completed their course of halo fixation, 48 had injuries of C1-2, and 57 had injuries at C3-T 1.
C1-2 Injuries. There were only three treatment failures (6.3%) among the 48 patients with C1-2 injuries (Table 4) . Two of these failures occurred among patients with odontoid fracture and one among those without. Thus, the failure rate among the 22 patients with C1-2 nonodontoid injuries was 4.5%. There were no treatment failures among 12 patients with hangman's fracture. Both halo fixation failures in the 26 patients with odontoid fractures occurred in connection tion without fracture * These patients had no subluxation apparent on initial radiographs taken in the neutral position, but exhibited subluxation when placed into flexion or extension. The odontoid fractures were further analyzed by rating the presence and direction of subluxation ( Table  5 ). The failure rate was greatest for type II fractures with anterior subluxation (33%); however, these numbers are too small for statistical analysis. The type II odontoid fractures are summarized in Table 6 in four groups by age (younger or older than 40 years) and degree of subluxation (less than or greater than 4 mm), in accordance with the study by Apuzzo, et al. a The radiographs of one patient with a posterior subluxation could not be located so only 16 patients were analyzed. Treatment failures included a 12-year-old patient with anterior subluxation of 8 mm and a 60-year-old patient with a 2-mm posterior subluxation.
C3-T1 Injuries. Fifty-eight patients with C3-T1 injuries were treated with the halo device. One patient died while in halo fixation, leaving 57 who completed treatment. Of these, 13 (23%) failed halo fixation treatment. The type of injuries, levels, and failure rates are given in Table 7 . The highest failure rate was seen in patients with "perched" or locked facets, with nine (45%) of 20 patients failing. Included in this group are the two patients in the series who required closed manipulation with traction to reduce their dislocations. The failure rate was higher among those with "perched" than with locked facets. These patients were difficult to diagnose. One patient who failed halo treatment had a locked facet which was correctly diagnosed only at the time of surgery for fusion; his preoperative radiographs had not revealed the facet dislocation. Two patients were diagnosed as having "perched" facets on followup radiographs after initial radiographs failed to reveal any dislocation.
Halo Failure Group
Sixteen patients failed halo treatment. Figure 1 gives the age distribution of these 16 patients, which follows that of the group as a whole. Detailed descriptions of the case histories of the 16 patients are presented in Table 8 . The majority (12 or 75%) of the patients were between 11 and 40 years old, but ages ranged from 6 to 84 years. The halo fixation failure rate for patients less than 60 years old was 15% and for patients aged 60 years or older it was 3.8%; there was only one failure in a patient older than 60 years. The most common injury causing halo failure was locked or "perched" facets, as described previously.
Failure of halo fixation was most often manifested by recurrence of dislocation. Of the 16 patients with failed halo treatment, 11 (68%) experienced dislocation: five during halo treatment, and six after removal of the device. Two more patients developed dislocations fol- t Reason for fusion: neurologic = neurological deterioration while in halo device; subluxation = subluxation while in halo device; no fusion = failure to fuse after completion of course of halo fixation.
For neurological grading scale see Table 1 .
R. D. Bucholz and K. C. Cheung lowing removal of the halo device and experienced increased neurological deficits. One patient incurred increased neurological deficit while in the vest; for this patient, dislocation was confirmed on lateral radiographs. Table 9 displays the number of patients injured and the number of failures at each vertebral level. The most common site of injury in the failed group was C3-4, followed in order by C4-5, C6-7, and C5-6.
Surgical Treatment of Halo Failures
All 16 patients who failed halo treatment underwent fusion (Table 8 ). There were two surgical failures (13%) and no preoperative deaths. One patient had a C3-4 anterior subluxation with a fracture of the C-4 vertebral body. She underwent a posterior fusion at this level with Wisconsin wires and iliac-crest graft. The patient did well for 5 months, and then developed paresthesia of the upper extremity. Myelography demonstrated an anterior extradural defect due to collapse of the C-4 vertebral body which was treated with an anterior C-4 vertebrectomy and fusion. She was left with weakness in her hands. The second surgical failure was in a patient with a type II odontoid fracture, an 8-mm anterior subluxation, and distracted fragments. She underwent posterior fusion from the occiput to C-2 with wire and iliac-crest graft. The grafts dissolved in spite of postoperative halo fixation, and a second fusion was performed which was complicated by breakage of the surgical wires. The third fusion achieved stabilization.
All three patients who had increased neurological deficit during halo treatment improved after surgery. An additional four patients, who were stable in the halo device, improved neurologically following surgery. These seven patients constitute 43% of the 16 patients who underwent surgery. Eight patients had no change; seven of these were entirely neurologically intact. One patient deteriorated postoperatively and did not return to his preoperative state. Cervical myelography in this case did not reveal the cause of his deterioration.
Complications
There were few complications associated with halo treatment. Three patients developed a radiculopathy, and all improved with surgery. Only one patient had a severe pin-site infection which required replacement of all pins and treatment with intravenous antibiotics. Upon investigation it was found that this patient had been given inadequate nursing care at a nursing home. There were other patients with minor pin-site problems such as loose pins or minor skin irritation which required only local care. There were no problems with pressure sores, even though 20 patients had severe cord injuries. No complications were severe enough to warrant termination of halo fixation.
Statistical Analysis
Outcome was analyzed as a function of the following six independent variables: gender, age, level of injury, presence or absence of subluxation on the initial lateral cervical spine radiograph, neurological grade, and degree of facet injury. Only subluxation (p < 0.02) and facet injury (p < 0.0003) were significantly related to outcome (level of injury had a nearly significant correlation with outcome, p = 0.06). All three correlations are positive, indicating a higher failure rate with descending vertebral level, presence of subluxation, and higher degree of facet injury.
Logistic regression was carried out to determine the effect of the study variables on the probability of a halo fixation failure. Gender, age, level of injury, presence of subluxation, neurological grade, and degree of facet injury were included in the model. The results (not shown) revealed that the variable reflecting a locked or "perched" facet had a statistically significant (p = 0.0367) effect on the probability of halo failure. This analysis yielded the following probabilities of failure, calculated in the standard manner,'7 for each degree of facet injury, holding all other factors constant: 13% if there was no facet injury, 25% if there was a "perched" facet, and 42% if the facet joint was locked. These results confirm earlier bivariate analyses, in which the degree of facet injury was found to have a significant possible association with failure.
Discussion
With the possible exception of treatment of comatose or multiply injured patients, the traditional management of spine-injured patients with bed rest has been replaced by imposition of the halo fixation device. The primary advantage of the halo vest is that it immobilizes the injured site while permitting patients to ambulate freely. A potential limitation of the halo vest is that movement of the cervical spine is still possible, even with a properly placed vest. One study t8 reported that spinal movement in a halo device could be up to 31% of normal intervertebral movement, impairing bone healing and fusion. The halo device has other possible complications, including poor patient acceptance, pressure sores, pin-site infection, and loss of dislocation reduction? ,9,12 Long-term pin-site care remains a challenge for some patients. Most patients tolerate the device well after assistance from the physical therapy department.
Surgical fusion is the usual alternative to the halo device; however, fusion carries risks as well. Several authors 1' 8' 2~ have reported postoperative complications from fusion, with limitation of range of motion in 14% to 35% of patients, wire breakage in 7% to 14%, wound infection in 2% to 3%, and worsening of neurological deficits in 1%. Because surgical spine fusion is associated with significant complications, we have adopted a conservative approach to the stabilization of cervical spine injuries. Our study has examined the factors that may predict the outcome of halo fixation.
Indication for Early Fusion
In this study all patients with injuries older than 1 month were excluded from halo management. This policy was based on previous studies which have shown a low rate of healing with halo fixation in the presence of old injuries. Dunn and Seljeskog 8 have suggested fusion for all injuries older than I week, given the markedly increased likelihood of non-union with external immobilization of older injuries. Our failure rate of posterior fusion (18 %) was comparable to the results of Sherk and Snyder 28 and Anderson and D'Alonzo, 2 who had 12% and l 1% failure rates, respectively. This is markedly better than the studies of Schatzker, et al., 26 and Stauffer and Kelly. 3~ The latter authors pointed out that posterior fusion was the surgery of choice in patients with posterior ligamentous injuries. We agree with Aebi, et at.,' that anterior fusion is a viable alternative in cases involving anterior compression, because we had no surgical failures in this group. There were no postoperative deaths in our series (as occurred in the series of Anderson and D'Alonzo or Maiman, et al? ~ Diagnosis was often delayed in these patients due to improper radiographic evaluation. In one patient, a facet injury was not detected until a CT scan was performed on the 6th day of hospitalization; a more aggressive diagnostic workup should have been performed. Other patients showed no dislocation on routine radiographs but a subluxation was noted on flexion/extension views. Evans j~ and Webb, et al., 33 have pointed out the radiographic pitfalls in treating seemingly benign subluxation. We join them in advocating flexion/extension views under image-intensifiers to determine instability of posterior ligamentous complex injuries.
Experience with Halo Management
Our mortality rate with halo management was 3.7%, which is comparable to the 6.5% reported by Hadley, et al. ~4 Chan, et at., 5 recorded no deaths among 188 patients and Glaser, et al., ~2 had only a 0.5% mortality rate in 203 patients. None of the deaths in the present series were directly related to halo fixation itself, although the halo device may have complicated resuscitation efforts in one patient who died of myocardial infarction. We now advocate having appropriate release tools located near our critically ill patients in halo fixation.
There were 16 halo failures (15%), which is comparable to the figures stated by Chan, et al., 5 Cooper, et al., 7 and O'Brien, et al. 23 Our multivariable analyses suggested that age had no effect on failure of halo stabilization, nor was there a significant correlation of age and outcome. Three patients had worsening of their neurological deficits while in halo devices, 22 slightly worse than the rates reported by Chan, et al., Cooper, et al., and Glaser, et aL 12 Our total failure rate for all odontoid fractures was 7.4%, while the failure rate among odontoid type II fractures was 12%. This failure rate is among the lowest in the literature, 2' 3' 6-9"14' 21"26"27 which would confirm the effectiveness of the halo vest in the management of patients with odontoid type II fractures and other CI-2 level injuries. Some authors 2'19,21 prefer early operation while others 3,9,14,26 favor surgery based on variables such as age of the patient or degree and direction of the displacement. Although many authors reported increased failure with posterior subluxation, 6"8'9'26 displacement of 4 mm or more, 3"9' 14 or with patients older than 40 years, 3,8,9 we found no factors that were associated with a higher failure rate. Based on our experience, all acute traumatic C 1-2 fractures are candidates for halo ftxation. In particular, all odontoid type III and hangman's fractures healed well with halo immobilization.
A recent paper by Grady, et aL, 13 suggested that hangman's fractures could be successfully immobilized using a hard (Philadelphia) collar. Use of a hard collar for fractures of the upper cervical spine carries many disadvantages; chief among these are that only the lower cervical spine is immobilized, the collars occasionally break under hard use, and patients can remove the collar by themselves at any time. Finally, 25% of hangman's fractures were not managed successfully by the Philadelphia collar. Sypert 31 suggested that hard collars are useful only as a reminder to patients not to move their neck. We do not advocate use of such a device with fractures in the C 1-2 area because major complications could occur should the device break or be removed by the patient.
Of 57 patients with injuries between C-3 and T-l, halo fixation did not succeed for 23%. The predominant injury causing failure was locked or "perched" facets, with nine (40%) of 20 patients failing halo treatment. This figure is substantially higher than that reported by Chan, et aL, 5 or Glaser, et al. 12 The extensive ligamentous injury in patients with unilateral or bilateral locked facets was well documented by O'Brien, et al., 23 Braakman and Vinken, 4 and Sonntag, 29 who advocated early surgery in these patients. The literature is uninformative regarding ligamentous injuries in "perched" facets, or with respect to conservative treatment failure in these patients. In our series two patients exhibited "perched" facets on follow-up radiographs. We believe that these two patients had sustained injuries to the intraspinous ligaments, joint capsules, and posterior longitudinal ligaments (similar to those in patients with locked facets but to a lesser degree), which allowed extensive movement of the articular surfaces. As such, the initial degree of subluxation seen on lateral cervical spine radiographs taken in a neutral position was not a reliable indicator of the exact degree of instability. The high failure rate in patients with simple subluxation (two of six patients or 33%) can be best explained by the extensive ligamentous injury and the limited ability of such injuries to heal. We agree with Evans ~~ and Webb, et al., 33 that, once a bone fracture is ruled out with conventional spine films, careful flexion and extension views should be performed under fluoroscopy in symptomatic patients to evaluate the integrity of the posterior ligamentous complex. Webb, et al., considered complete rupture of this complex as an indication for surgery. Glaser, et al., 12 also reported a 19% incidence of late instability from ligamentous injury requiring fusion. This is comparable to our overall 23% failure rate. Based on our data and those of Sonntag, 29 patients with unilateral or bilateral locked facets, and perhaps those with "perched" facets as well, may be treated by either surgical fusion or halo immobilization. Surgical fusion is indicated in patients who require manipulation to reduce a facet injury, as all of our patients undergoing such manipulation failed conservative management. The largest number of halo treatment failures were in patients with injuries located between C3-4 and C4-5. The exact mechanism of failure at these levels is uncertain. We could not determine if the percentage of normal movement generated at the respective levels as reported by Koch, et al., 18 is related in any way to our failure rate or if the "snaking" movements observed by Johnson, et al.,15 could account for this pattern.
Surgical Fusion Following Halo Failure
There were no surgical failures in the patients with locked facets. Two surgical failures (12.5 %) occurred in the series, including one with an odontoid fracture. This compares favorably with other reports. There was also no perioperative mortality. Posterior reduction and fusion was favored since the injured sites were most often located posteriorly. 1,26 One patient was worse following surgery.
Recommendations for Management
Based on our experience in this study, our approach to the management of cervical injuries has been altered. Our modified protocol is given in Fig. 2 . The appropriate use of radiographic examinations must be based on the clinical examination. In patients with altered sensorium or at high risk for cervical spine injury, cervical spine films should be obtained routinely. If the films are negative but the patient is symptomatic or has an altered sensorium, the lateral films should be repeated with the patient carefully placed in flexion and extension by the consulting neurosurgeon. Pathological injuries or injuries older than l week should be fused primarily. All reducible C1-2 injuries and anterior C3-TI injuries should be treated by halo immobilization, and primary fusion in such cases should be reserved for dislocations not reducible by skeletal traction alone or for facet injuries with subluxation.
Our experience with the halo apparatus indicates that it is a reliable instrument for the management of cervical spine injury, including that of odontoid fractures and other C1-2 injuries. Early surgery is not indicated in the C1-2 injury group. In this series, the mortality rate with the halo device has been low. However, pa- tients with locked or "perched" facets and with posterior ligamentous complex injuries should be considered for surgical fusion to prevent their unnecessary confinement in the halo device. Patients with subluxation that cannot be reduced without manipulation should undergo surgical fusion. Our low surgical failure rate and absence of perioperative mortality support this decision.
